12 United States Patent

Silverbrook

US007195339B2

US 7,195,339 B2
Mar. 27, 2007

(10) Patent No.:
45) Date of Patent:

(54) INK JET NOZZLE ASSEMBLY WITH A
THERMAL BEND ACTUATOR

(75) Inventor: Kia Silverbrook, Balmain (AU)

(73) Assignee: Silverbrook Research Pty Ltd,
Balmain (AU)

( *) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35

U.S.C. 154(b) by O days.
(21) Appl. No.: 11/484,745

(22) Filed:  Jul 12, 2006

(65) Prior Publication Data
US 2006/0250449 Al Nov. 9, 2006

Related U.S. Application Data

(63) Continuation of application No. 11/1835,721, filed on
Jul. 21, 2005, now Pat. No. 7,083,263, which 1s a
continuation of application No. 10/713,084, filed on
Nov. 17, 2003, now Pat. No. 7,066,574, which 1s a
continuation of application No. 10/401,987, filed on
Mar. 31, 2003, now Pat. No. 6,663,225, which 1s a
continuation of application No. 09/864,332, filed on
May 25, 2001, now Pat. No. 6,540,331, which 1s a
continuation-in-part of application No. 09/112,767,

filed on Jul. 10, 1998, now Pat. No. 6,416,167.

(30) Foreign Application Priority Data
Jul. 15, 1997 (AU) e, PO7991
Mar. 25, 1998  (AU) i, PP2592
(51) Int. CL
B41J 2/04 (2006.01)
B41J 2/05 (2006.01)
(52) US.ClL ., 347/54; 34'7/65
(58) Field of Classification Search .................. 34°7/54,

3477/56, 65
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS
4,423,401 A 12/1983 Mueller

(Continued)

FOREIGN PATENT DOCUMENTS
DE 1648322 A 3/1971

(Continued)

OTHER PUBLICATTONS

Ataka, Manabu et al, “Fabrication and Operation of Polymide
Bimorph Actuators for Ciliary Motion System”. Journal of
Microelectromechanical Systems, US, IEEE Inc. New York, vol. 2,
No. 4, Dec. 1, 1993, pp. 146-150, XP000443412, ISSN: 1057-7157.
Noworolski J M et al: “Process for in-plane and out-of-plane
single-crystal silicon thermal microactuators” Sensors and Actua-

tors A, Ch. Elsevier Sequola S.A., Lausane, vol. 55, No. 1, Jul. 15,
1996, pp. 65-69, XP004077979.

(Continued)

Primary Examiner—An H. Do

(57) ABSTRACT

An 10k jet nozzle assembly for an inkjet printer includes a
waler substrate defining an ink supply passage. A drive
circuitry layer 1s formed on the wafer substrate. A nozzle 1s
formed on the drive circuitry layer and defines an ink
chamber in fluid communication with the ik supply pas-
sage, a side aperture i fluud communication with the ink
chamber and an ink ejection port in fluid communication
with the ink chamber. A support extends from the drive
circuitry layer. A thermal bend actuator extends from the
support, through the side aperture and terminates 1n a free
end within the ink chamber. The actuator includes a first
layer having a first co-eflicient of thermal expansion, and a
second layer deposited on the first layer which has a second
co-ellicient of thermal expansion. The first layer 1s coupled
to the drive circuitry layer so that, in use, the drive circuitry
layer can actuate bending of the thermal bend actuator so as
to move the free end and thereby eject ink from the ink
gjection port.

7 Claims, 2 Drawing Sheets
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1

INK JET NOZZLE ASSEMBLY WITH A
THERMAL BEND ACTUATOR

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application 1s a Continuation of U.S. appli-

cation Ser. No. 11/185,721 filed on Jul. 21, 2005, now 1ssued
as U.S. Pat. No. 7,083,263, which 1s a Continuation of U.S.
application Ser. No. 10/713,084 filed on Nov. 17, 2003, now
1ssued as U.S. Pat. No. 7,066,574, which 1s a Continuation
of U.S. application Ser. No. 10/401,987 filed on Mar. 31,
2003, now 1ssued as U.S. Pat. No. 6,663,225, which 1s a
Continuation of U.S. application Ser. No. 09/864,332 filed
on May 25, 2001, now 1ssued as U.S. Pat. No. 6,540,331,
which 1s a Continuation-m-part of U.S. application Ser. No.
09/112,767 filed on Jul. 10, 1998, now issued as U.S. Pat.
No. 6,416,167, the entire contents of which are herein
incorporated by reference.

U.S. application Ser. No. 09/864,332 filed on May 23,
2001, now granted U.S. Pat. No. 6,540,331, 09/112,7677 filed
on Jul. 10, 1998, now granted U.S. Pat. No. 6,416,167 and
09/112,768 filed on July 10, 1998, now granted U.S. Pat. No.

6,243,113 are hereby incorporated by reference.

FIELD OF THE INVENTION

This 1nvention relates to a micro-electromechanical
device having actuator guide formations.

BACKGROUND OF THE INVENTION

The applicant has invented a page width printhead which
1s capable of generating text and 1mages of a resolution as

high as 1600 dpia.

The printheads are manufactured in accordance with a
technique that 1s based on integrated circuit fabrication. An
example of such a technique 1s that which 1s presently used
for the fabrication of micro-electromechanical systems.

These fabrication techniques allow the printhead to 1ncor-
porate up to 84000 nozzle arrangements. The nozzle
arrangements are electromechanically operated to achieve
the ejection of ink.

In a number of the Applicant’s inventions, the nozzle
arrangements incorporate thermally actuated devices which
are displaceable within nozzle chambers to eect the ink
from the nozzle chambers. Many of the thermal actuators
use a combination of materials and a bending action which
results from an uneven expansion ol the materials. The
thermal actuators are manufactured by depositing consecu-
tive layers of material having different coeflicients of ther-
mal expansion.

The present invention was conceived to address certain
problems associated with such actuators. A significant prob-
lem with such actuators is that the different materials can
result 1n bending and bending stresses being set up in the
thermal actuator when the thermal actuator i1s inoperative
and exposed to transient conditions. As 1s known 1n the field
ol integrated circuit fabrication, the deposition of material
results 1n a heating of both the material being deposited and
the material on which the deposition takes place. The fact
that the materials have different thermal expansion charac-
teristics can result in the bending of the laminated structure
upon cooling. This 1s also the case where the maternials have
different elasticity characteristics. Those skilled 1n the field
of micro electromechanical systems fabrication will appre-
ciate that this 1s highly undesirable.
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2
SUMMARY OF THE INVENTION

According to a first aspect of the invention, there 1is
provided a micro-electromechanical device which com-
prises a substrate containing drive circuitry; and

an elongate actuator that 1s fast with the substrate at a
fixed end, the elongate actuator having a laminated structure
of at least one inner layer and a pair of opposed, outer layers,
the outer layers having substantially the same thermal
expansion and elasticity characteristics, with one of the
outer layers defining an electrical heating circuit that i1s 1n
clectrical contact with the drive circuitry to be heated and to
expand on receipt of an electrical signal from the drive
circuitry and to cool and contract on termination of the

signal, thereby to generate reciprocal movement of the
actuator.

The actuator may have a single inner layer.

The outer layers may have a higher coeflicient of thermal
expansion than the mner layer.

According to a second aspect of the invention, there 1s
provided a micro-electromechanical device which com-
prises

a substrate containing drive circuitry; and

a plurality of elongate actuators, each actuator being fast
with the substrate at a fixed end, each elongate actuator
having a laminated structure of at least three layers in the
form of a pair of opposed, outer layers and at least one 1nner
layer, the outer layers having substantially the same thermal
expansion and elasticity characteristics, with one of the
outer layers defining an electrical heating circuit that 1s 1n
clectrical contact with the drive circuitry to be heated and to
expand on receipt of an electrical signal from the drive
circuitry and to cool and contract on termination of the
signal, thereby to generate reciprocal movement of the
actuator.

According to a third aspect of the invention, there 1is
provided a fluid ejecting device which comprises

a substrate containing drive circuitry,

nozzle chamber walls and a roof wall positioned on the
substrate to define a nozzle chamber in which fluid 1s
received and a fluid ejection port from which the fluid 1s
ejected, 1n use;

a fluid ejecting mechanism that i1s operatively arranged

with respect to the nozzle chamber to act on the fluid 1n the
nozzle chamber to ¢ject flmd from the fluid ejection port;

a thermal bend actuator that 1s connected to the drive
circuitry to receive an electrical signal from the dnive
circuitry and to provide actuation of the fluid e¢jecting
mechanism, wherein

the thermal bend actuator has a laminated structure of at
least three layers in the form of a pair of opposed, outer
layers and at least one 1nner layer, the outer layers having
substantially the same thermal expansion and elasticity
characteristics.

—

T'he thermal bend actuator may have a single inner layer.

-

T'he outer layers of the thermal bend actuator may each be
conductive.

At least one of the outer layers of the thermal bend
actuator may be connected to the drive circuitry so that said
at least one of the outer layers can be heated.

The outer layers may have a higher coeflicient of thermal
expansion than the mner layer.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings,

FIG. 1 shows two conditions of a thermal bend actuator
of a fluid e¢jection device, not in accordance with the
invention, and mdicating the problem associated with such
thermal bend actuators;

FIG. 2 shows a schematic view of a thermal bend actuator
of a fluid ejection device, 1n accordance with the mnvention,
and, 1n particular, the advantage associated with such a
thermal bend actuator; and

FIG. 3 shows a fluid ¢jection device 1n accordance with
the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

In FIG. 1, reference numeral 10 generally indicates an
actuating mechanism in the form of a bi-layer thermal bend
actuator.

As set out above, the device 1n which the thermal bend
actuator 10 1s to be incorporated 1s formed as part of an
integrated circuit fabrication process. It follows that the
thermal actuator 10 1s manufactured in a deposition and
etching process. Thus, once a first layer 12 has been depos-
ited and prepared, a second layer 14 1s deposited on the first
layer 12. In order to operate correctly, one of the layers, 1n
this case the first layer 14 1s of a material having a higher
coellicient of thermal expansion than the material of the
second layer 12.

As 1s well known 1n the field of integrated circuit fabri-
cation, deposition of material occurs at a temperature which
1s, of necessity, significantly higher than ambient tempera-
ture. This results 1n a heating of the first layer 12 and the
deposited second layer 14.

Also, 1n order to operate, the layers 12, 14 are of matenals
which have different coeflicients of thermal expansion. It
tollows that, upon cooling after deposition, thermal stresses
are set up between the layers 12, 14 which can cause bending
of the actuator 10. This 1s extremely undesirable, particu-
larly 1n light of the fact that the actuators are manufactured
on a micro-electromechanical scale.

In FIG. 2, reference numeral 20 generally indicates an
actuator mechanism of a fluid ejection device, 1n accordance
with the invention.

The actuator mechanism 20 includes a thermal bend
actuator 22 which has three layers 1n the form of a pair of
opposed outer layers 24 and an inner layer 26.

The outer layers 24 are of substantially the same material
and are of substantially the same dimensions. Further, the
outer layers 24 are each conductive.

The outer layers 24 are of a material having a coeflicient
of thermal expansion which 1s such that, upon heating of any
one of the layers 24, the actuator 22 bends to a degree
suilicient to perform work. In particular, the outer layers 24
can be of any material having a suitable Young’s modulus
and coethlicient of thermal expansion. Possible materials are
titanium nitride and a copper nickel alloy.

The 1nner layer 26 can be any suitable insulating material
such as glass (amorphous silicon dioxide) or even arr.

It will be appreciated that the thermal bend actuator 22
will find application 1n any micro electromechanical system
in which a prime mover 1s required. Thus, at least one of the
outer layers 24 1s connectable to drive circuitry of such a
micro electromechanical device.

In FIG. 3, reference numeral 30 generally indicates a tluid
ejection device i1n accordance with the invention. In this
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4

embodiment, the fluid ejection device 1s 1n the form of a
nozzle arrangement of an ink jet printhead, which includes
the actuating mechanism 20.

It 1s to be appreciated that reference to the nozzle arrange-
ment 30 1s for illustrative purposes and should not be
construed as limiting the invention to this particular embodi-
ment.

The nozzle arrangement 30 1s formed on a wafer substrate
32 in a successive deposition and etching process which
forms part of an integrated circuit fabrication technique
conventionally used in the manufacture of micro electrome-
chanical systems.

In this particular example, the nozzle arrangement 30 1s
formed on a drive circuitry layer 34 which, 1itself, 1s formed
on the wafer substrate 32.

A support post 36 extends from the drive circuitry layer
34. The thermal bend actuator 22 1s mounted, cantilever-
fashion, on the support post 36. One of the outer layers 24
1s 1n electrical contact with the drive circuitry layer 34 so
that movement of the bend actuator 22 can be achieved with
a control system (not shown) connected to the drive circuitry
layer 34.

A cylindrical wall 38 1s formed on the drive circuitry layer
34 to define a nozzle chamber 40. A roof wall 42 1s arranged
on the cylindrical wall 38 and defines an 1nk ejection port 44
from which ik 1s ejected out of the nozzle chamber 40. An
ink ejection member 46 1s mounted on the thermal bend
actuator 22 and extends through a slot 48 defined 1n the
cylindrical wall 38. The ink ¢jection member 46 includes an
arm 30 and a paddle 52 mounted on the arm 50 and being
shaped to correspond generally with a cross-sectional
dimension of the nozzle chamber 40.

The slot 48 1n the cylindrical wall 38 1s shaped to define
a guide formation 54 in the cylindrical wall 38. An end of the
arm 50 on which the paddle 52 1s mounted i1s shaped to
correspond with the guide formation 34. In particular, the
guide formation 34 and the end 56 of the arm 50 are shaped
so that, on bending of the bend actuator 22, movement of the
end 56 and hence the paddle 52 1s retained along a linear
path.

i

T'he nozzle arrangement 30 1s one of a plurality of nozzle
arrangements formed on the walfer substrate 32 to define the
ink jet printhead of the invention. It 1s stmply for reasons of
clarity and ease of description that a single nozzle arrange-
ment 1s shown 1n the accompanying drawings.

It will be appreciated that, due to the fact that each nozzle
arrangement 1s a micro-electromechanical device and that up
to 84000 such nozzle arrangements may be required for a
single printhead, accuracy and consistency of manufacture
of each nozzle arrangement 1s extremely important. It would
therefore be highly disadvantageous if, upon cooling after
deposition, the thermal bend actuator 22 became bent or
warped. This would result 1n an uneven positioning of the
paddles 52 within the nozzle chambers 40.

Applicant submits that the fact that the two opposed outer
layers 24 have the same thermal expansion and elasticity
characteristics results 1n stability of the bend actuator 22
upon cooling after deposition. In this manner, consistently
straight bend actuators 22 can be achieved.

A further advantage that has been 1dentified by the Appli-
cant 1s that, 1n general operation, the substantially 1dentical
outer layers 24 of the thermal actuator 22 provide a high
level of thermal stability. This allows the thermal actuator 22
to be operated repeatedly 1n spite of the fact that all the heat
from previous activations has not yet dissipated.
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The 1nvention claimed 1s:

1. An 1nk jet nozzle assembly for an inkjet printer, the

nozzle assembly comprising:

a waler substrate defining an ink supply passage;

a drive circuitry layer formed on the wafer substrate;

a nozzle formed on the drive circuitry layer, and defiming
an 1k chamber in fluid communication with the ink
supply passage, a side aperture 1n fluid communication
with the 1nk chamber and an 1k ejection port in tluid
communication with the ink chamber;

a support extending from the drive circuitry layer; and

an elongate, cantilevered thermal bend actuator extending,
from a fixed end of the cantilever at the support,
through the side aperture and terminating in a free end
of the cantilever within the ink chamber, the actuator
comprising a first layer having a first co-etflicient of
thermal expansion, and a second layer deposited on the
first layer which has a second co-eflicient of thermal
expansion different than said first co-eflicient of ther-
mal expansion, the first layer being coupled to the drive
circuitry layer so that, 1n use, the drive circuitry layer
can actuate bending of the thermal bend actuator so as
to move the free end and thereby eject ink from the ink
ejection port.
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2. An 1nk jet nozzle assembly as claimed in claim 1,
wherein the thermal bend actuator comprises a third layer
deposited on the second layer so that the second layer 1s
located between the first and third layers, the third layer also
having the first co-efhicient of thermal expansion.

3. An 1k jet nozzle assembly as claimed in claim 2,
wherein the first and third layers comprise titantum nitride or

copper nickel alloy material.

4. An 1k jet nozzle assembly as claimed i1n claim 1,
wherein the second layer comprises one of glass, amorphous
silicon dioxide and any other like thermal 1nsulating mate-
rial.

5. An 1k jet nozzle assembly as claimed in claim 1,
wherein the free end 1s an enlarged paddle.

6. An 1nk jet nozzle assembly as claimed 1n claim 5,
wherein the paddle defines a raised lip extending along its
periphery.

7. An 1k jet nozzle assembly as claimed in claim 1,
wherein the nozzle comprises a cylindrical wall that defines
the side aperture and a cover that defines the ink ejection
port.
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